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Form DS-212R - Transmission Line Design Data Summary 


SECTION 1 


Transmission Line Location and Engineering Survey 


The borrowers engineer and right-of-way representative should select a 
tentative transmission line route, making use of aerial photography, 
geological survey maps, county soil maps, road maps, post office routes, 
and airplane strip maps. These maps contain detailed topography and 
with thumb tacks and thread, an accurate paper location can be made. 
This location should then be examined on the site by the engineer and 
right-of-way representative to determine what corrections will be 
necessary for practicable routing. The line routing should be as 
straight as practicable since both line angle structures and the conse- 
quent increase in line length result in increased construction and 
operating costs. Deviations from a straight line should be influenced 
only by topographic features that would make either construction or 
operation impracticable. 


Certain control points should be established from the reconnaissance. 
Using these control points, a transit line (marked by hub stakes, with 
tack points for alignment) should be produced between these control 
points. A right-of-way representative should be in company with or 
precede this survey party in order to acquaint the property owners with 
the purpose of the survey, to procure easements, to determine property 
boundaries crossed, and to maintain good relations with the property 
owners. The right-of-way representative should avoid making any commit- 
ments for individual pole locations before structures are spotted by the 
engineers on the plan and profile. Another right-of-way representative 
should begin a check of the records for faulty titles, transfers, joint 
owners, foreclosed mortgages, etc., against the ownership report by the 
right-of-way representative who is accompanying the survey. This phase 
of the work requires the closest kind of coordination between the engineer 
and the right-of-way representative. Costly details, extravagant misuse 
of survey time and effort, and misunderstanding on the part of the land- 
owners is to be avoided. There should be a daily check between the 
engineer and the right-of-way representative. 


Immediately after the line is located, as described above, to the satis- 
faction of both the engineer and the right-of-way representative, a 
transit and chain survey should begin. This survey will consist of 
placing stakes at even 100-foot intervals with the station measurements 
marked on the stakes with suitable crayon. It will also include the 
placement of intermediate stakes to note the station at property lines, 
topographic breaks, and for reference points as required. These stakes 
should be aligned by transit between the hub stakes set on the prelimi- 
nary survey. This survey party will keep notes showing property lines 
and topographic features of obstructions that would influence structure 
spotting. As soon as the final survey is sufficiently advanced a level 
party should be started taking profile levels along the center line of 
the survey. Levels should be taken at every 100-foot station and all 
intermediate points where breaks in the ground surface appear. Wherever 
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the ground slopes across the line of survey, side shots should be taken 

a distance of approximately 10 feet beyond the outside conductor position. 
These elevations to the right and left of the center line should be 
plotted as short broken lines. These broken lines are referred to as 
Sidehill profiles and are necessary in spotting structures to assure 
proper ground clearance. Structure spotting should begin as soon as 
topographic, including level notes, are plotted on the plan and profile. 
sheets. 


Prints of these sheets should be furnished the right-of-way representa- 
tive for checking property lines and for recording easements. One print 
certified for construction by the manager should be returned to the 
engineer. Two black and white prints of the plan and profile sheets, 
with structure spotting complete, should be forwarded to REA for review 
and approval. One set of the prints will be returned to the engineer 
approved for construction with recommended changes, if any, noted therem. 
The engineer should not wait until all plan and profile sheets of a given 
line are completed before forwarding to the right-of-way representative 
and to REA but should send them in groups covering 10 miles or more as 
they are completed. After the engineer receives an approved print from 
REA, he is free to release the line for right-of-way clearing, to stake 
structures and to release the line for construction in accordance with 
the terms of the construction contract, provided final plans and speci- 
fications have been approved. 


Occasions may arise where it is necessary to consider rerouting after 
the final survey is completed, usually from the inability of the right- 
of-way representative to satisfy the demands of a property owner. In 
such instances, it is the responsibility of the engineer to analyze the 
problem on the basis of cost. The engineer should make a preliminary 
survey to determine the length and difficulties of rerouting and 
determine the over-all added cost of relocating. The right-of-way 
representative should furnish the engineer an estimate of the cost of 
the demands of the property owner and an estimate of court costs. The 
engineer will then recommend to the system's board of directors, through 
the manager, the most reasonable course to pursue. The board of directas 
‘will then resolve to pay the property owner, condemn the property, or 
instruct the engineer to relocate. 


The procedure outlined above should insure the building of a line quickly 

and least expensively. It is essential that this procedure be followed “ 
closely and that there be complete cooperation between the engineer and 

the right-of-way representative. 
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SECTION 2 


Vertical Clearances for Transmission Lines 


Most transmission lines have many spans which are of such length that 
the maximum increased clearance above the minimum clearances specified 
by the NESC must be provided. Also, because of the limits of accuracy 
in the preparation of plan and profile drawings, and in the sagging of 
conductors, it is not considered desirable for designs to allow for 

only the bare minimum clearances specified by the NESC. With these 
factors in mind, and to establish uniform clearances for sag templates 
used for spotting transmission line structures, the clearances shown in 
the following table have been developed for use in spotting transmission 
structures on plan and profile sheets with 120° final sag curves. These 
clearances are somewhat in excess of the minimum clearances prescribed 
by the NESC, and will in all cases fall within the prescribed limits of 
the Code. These clearances assume that the maximum conductor design 
tension does not exceed 50 percent of the ultimate strength, as increased 
clearances are usually required with higher design tensions. Design 
tensions in excess of 50 percent of the ultimate strength should not be 
used unless specifically approved by REA. The clearances are satisfactary 
for use with the 120° final curves for most sizes and types of conductors 
usually used on transmission lines. For No. 2 ACSR, fea stranding, and 
for smaller ACSR sizes additional clearances may be required. Additional 
clearances may also be required for Copperweld-copper conductors smaller 
than No. 4. Small conductor sizes on transmission lines are generally 
not desirable. State and Railroad Codes should be consulted and 
clearances greater than those shown should be used if required. 


The template for spotting structures should be cut to allow one foot 
greater clearance than the recommended ground clearance in order to 
provide flexibility for minor shifts in structure location, if necessary, 
when structures are staked. If it is necessary to change the location 
of any structures when the line is staked, the plan and profile must be 
corrected accordingly. 


It is recommended that the crossing clearances shown in the table be 
maintained regardless of the location of the point of crossing relative 
to the center of the span. Only in exceptionally dirficult cases should 
the clearances be reduced when the point of crossing is near the support~ 
ing structure. 


TRANSMISSION LINES 


Recommended Minimum Vertical Clearances for Spotting Structures 
Le 
on Plan or Profile Sheets (120° Final Sag, Maximum 


Conductor Design Tension 50% of Ultimate Strength) 


33kv Ukky 69kv 1l5kv 161kv 


Over railroads 32 32 33 35 36 
Over streets and highways 25 25 26 28 29 
Over communication lines 8 8 9 ube bz 
Over supply lines up to 6 6 it 9 9 


50,000 volts 


Over space accessible to 19 19 20 22 24 
pedestrians only 
*3 
Over cultivated fields 20 20 aa: 23 25 
Along roads in rural 22 en 23 25 ey 


districts 


Notes: *1 Sag templates should be cut to allow one foot greater 
clearance than shown above. 


*2 Additional clearance may be required for No. 2-7/1 
stranding, and smaller ACSR sizes, and for 
Copperweld-copper sizes smaller than No. 4 in medium 
and light loading zones. 


*3 The NESC does not specify the clearances that should 
be maintained across cultivated fields, but there 
are relatively few places that could be strictly 
considered as being "accessible to pedestrians only.” 
Ordinarily, therefore, when lines are routed across 
open country, templates should be based on the 
clearances recommended over cultivated fields as 
shown in the table. It will be noted that these 
clearances are one foot greater than the clearances 
recommended over spaces accessible to pedestrians 
only, and should be sufficient in most cases. Local 
conditions may call for deviations from these 
recommended minimum clearances. Where special con- 
ditions merit increased clearances, the engineer 
should submit detailed justification to REA for con- 
sideration prior to the preparation of plans and 
specifications. 
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SECTION 3 


Strength and Span Limitations for Transmission Line Conductors 


Transmission lines are relatively more costly than are distribution 

lines and requirements for the continuity of service are much greater. 
Therefore, these lines are usually engineered with the use of plan 

and profile drawings, and it is necessary that special care and attention 
be given to conductor sags and tensions. 


For transmission line conductors, it is generally recommended that the 
design tension under conditions of maximum design load not exceed 50 
percent of the ultimate strength of the conductor for the ruling span 
selected. Unloaded design tensions should in no case exceed the tensions 
recommended by the conductor manufacturers. Loaded design tensions in 
excess of 50 percent of the ultimate tension should not be used unless 
specifically approved by REA. 


One of the most important single factors in the design of a transmission 
line is the selection of the ruling span. Since structures must be 
spotted on the plan and profile by means of a sag template, which is 
based on the ruling span, the ruling span must be selected before the 
template can be made. The “ruling span" may be considered as an 
assumed "design span” thst assures the best average tension throughout 

a@ line of non-uniform span lengths. It must be remembered that the 
actual tension, under both loaded and unloaded conditions may be greater 
or less than the ruling span tension, depending upon span length, ground 
elevation, stringing temperatures and loading conditions, etc. A cus- 
tomary rule is to estimate a ruling span, which will approximately equal 
the average span, plus two-thirds of the difference between the maximum 
span and the average span. Generally, it is not essential that a ruling 
Span computed by this rule after structures are spotted be equal to the 
estimated ruling span on which the sag template is based. Usually the 
difference will not be enough to require changing the ruling span, but 
if there should be more than approximately ten percent difference it 
will be advisable to make a check with another ruling span, to see whether 
this difference will have any significant effect on spotting. As long 
as the estimated ruling span results in economical structure spotting 
without excessive tensions, it will be satisfactory. Under some circum- 
stances, as described below, where the maximum unloaded tension is the 
controlling tension, the rule should not be applied. 


With due consideration to necessary ground clearance, type of configura- 
tion, type of terrain, and loading assumption, a ruling span for design 
should be chosen that will, if possible, be applicable throughout the 
length of the line. Spans considerably in excess of the ruling span 
may be taken without the necessity for costly dead-end structures, and 
it is common practice to permit occasional spans up to double the 
average span without dead-ends. Dead-ending for the purpose of changing 
ruling spans is costly and not necessary, except where extremely long 
Spans are encountered. For example, .if a line of No. i/o ACSR is 
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designed for medium loading with a maximum loaded tension of 2,140 pounds 
(50 percent of the ultimate strength), in a 600-foot ruling span, the 
stringing tension at 60° is 920 pounds. A 1000-foot span strung at this 
tension at 60° will develop under full load at Sc a tension of approxi- 
mately 2,575 pounds or 60 percent of the ultimate strength. The flexi- 
bility of the supporting structures would reduce this tension even lower, 
and there would be no purpose in dead-ending the 1000-foot span. 


Another example would be with No. 1-7 strand H.D. copper conductor, 
designed for heavy loading with a maximum loaded tension of 1,902 pounds 
in a 400-foot ruling span. The initial stringing tension at 60° is 533 
pounds. If an 800-foot span is strung in at 60° to a tension of 533 
pounds, the tension will rise to approximately 2,235 pounds or 58.6 per- 
cent of the ultimate strength, under full load at 0°. No attempt will 
be made here to set the length of ruling spans that should be used under 
various circumstances. Where the maximum allowable tension under loading 
conditions assumed is the controlling design tension, it may be generally 
stated that ruling spans from 100 to 300 feet in excess of the normal 
level ground span are most satisfactory. As a rule the permissible 
increase in length of ruling span over the level ground span is greater 
as the level ground span becomes longer and as the terrain becomes 
rougher. The longest ruling span practicable that does not unduly 
shorten the average span length, and thereby increase the over-all cost 
of the line should be used. 


Long ruling spans under the above design conditions have advantages over 
shorter ruling spans in that: unloaded tensions are reduced, thereby 
reducing any tendency for the conductors to vibrate; the possibility of 
uplift in grading the line from low to higher elevations is reduced; and 
longer spans can be taken without the necessity for dead-ending. 


Where the maximum allowable tension at prescribed temperatures, without 
loading on the conductor, is the controlling design tension, and the 
maximum loaded tension for the ruling span is substantially below 50 per- 
cent of the ultimate strength, it may generally be stated that a ruling 
span of approximately the same length as the normal level ground span 
should be used. Where this condition governs, it is quite possible that 
increasing the ruling span would have effects opposite to those desired 
as described above. The maximum allowable unloaded tension ig the con- 
trolling tension more frequently in light and medium loading areas than 
in heavy loading areas. 


All of the above discussion assumes that conductors will be properly 
sagged in at the proper stringing tension for the ruling span selected. 
In stringing conductors, sags should always be checked in spans as 
nearly equal to the ruling spans as possible. 


No effort will be made to illustrate the methods of computing conductor 
sags and tensions. Several satisfactory methods have been developed and 
instructions are available in various textbooks and in publications of 
the conductor manufacturers. 


SECTION 4 


‘ 


Structural Stress Limitations for Wood Pole Transmission Lines 


The structural stress limitations set forth in this section are recom- 
mended for transmission lines using REA standard wood pole construction. 
No attempt has been made to set strength limitations at the minimum 
values allowed by the NESC, and the recommended values are in no case 
below the requirements of the NESC for grade "B" construction. 


Wood poles: With the assumed loads, as prescribed by the NESC, the 

maximum fiber stress for poles of tangent structures should 
not exceed 25 percent of the ultimate strength at the ground line, or at 
the point of guy attachment when guys are installed. Guys should be 
placed on all line angles greater than 1°. 


A convenient method for determining the maximum allowable horizontal 
spans for various heights and classes of poles is outlined in Section 5 
which covers the selection of the proper height and class of poles for 
transmission lines. 


Crossarms: The maximum fiber stress in crossarms, computed by taking 

moments about the through-bolt, without considering the 
strength of the crossarm brace, should not exceed 25 percent of the 
ultimate strength under the weight of insulators and conductors supported 
by the structure. The vertical weight of conductors supported by a given 
structure is the weight of the vertical span supported by the structure 
under the assumed ice load at 32°. The "vertical span" is the horizontal 
distance between the low points of sag in spans adjacent to the structure. 
Drawing TM-8, Crossarm Loading Chart, offers a convenient method for 
determining the maximum allowable vertical spans for various sizes of 
Douglas Fir crossarms. A typical problem is illustrated on the drawing. 
The strength of the crossarm brace may be considered as being available 
to support any unusual load, such as the weight of a lineman, or any 
unexpectedly heavy or unbalanced ice loads? 


Anchors: To insure proper installation and full strength, it is generally 
recommended that log anchors only be used for transmission 
lines, except where rock anchors may be installed or where difficult soil 
conditions exist. Only two sizes of anchor logs, 8" x 5'-0" and 8" x 8'-0" 
are necessary for guying any wood pole transmission line using conductors 
with design tensions not exceeding approximately 5,000 pounds. These 
logs, using one or two anchor rods as shown on drawings TA-1-5 and 
TA-1-8, may be used in combination as required to provide the necessary 
strength. The maximum working loads for these anchors of 8,000 pounds 
and 16,000 pounds, respectively, have been computed as 50 percent of the 
ultimate holding power in average soil. Maximum working loads shown for 
anchor rods, though less than 50 percent of the breaking strength, have 
been coordinated with the strength of the logs. 


Guys: Three-eighth-inch high strength steel strand is adaptable to 
all guying problems using the log anchors referred to above, 
and it is generally recommended for use on all transmission lines. It 
is always recommended that only one size and type of guy strand be used 
on any one transmission line. If the line has a steel overhead ground 
wire (usually 3/8-inch high strength strand), the same strand should be 
used for the guys. The guy strand should be used in combinations of 
single and double guys with five- and eight-foot anchor logs, as shown 
on drawing TG-1, 2, 3, and 4 to provide the required strength. For each 
line, a drawing should be prepared showing the arrangement of guys for 
each type of structure to be used. Drawing T™-6 is a specimen of such 
a drawing. It will be noted that the guys required for various line 
angles are based on assumed level ground spans. Since actual spans will 
vary, the guying requirements shown will not be exact for all conditions. 
The guying requirements for the various line angles will be sufficiently 
accurate, however, so that a minimum of actual computation will be 
required of the engineer spotting structures on the plan and profile. 
The drawing will also greatly facilitate the review of the plan and 
profile, and construction of the line. It will be noted that the 
specimen drawing shows the points of attachment to the pole, slope of 
guys, type of structure, and guys required for various line angles. 
For side guys on tangent structures under transverse loading assumptions 
as prescribed by the NESC, fifth edition, it is recommended that the 
maximum allowable tension in guy strands not exceed 25 percent of the 
ultimate strength. At angles in the line, it 1s recommended that the 
transverse wind load be multiplied by 2 and that the maximum allowable 
tension in the guy under the transverse-wind load thus computed, combined 
with maximum conductor tension, not exceed 50 percent of the ultimate 
strength. At dead-ends, it is recommended that the maximum allowable 
tension in the guy not exceed 50 percent of the ultimate strength at 
conductor design tension. 


Insulators: It is recommended that the maximum tension on standard. 

5 3/4" x 10" suspension insulators not exceed 5,000 pounds. 
For insulator pins and post-type insulators, it is recommended that the 
maximum transverse load, whether from wind load alone on tangent struc- 
tures, or from a combination of wind load and conductor tension on angle 
structures, be limited to 500 pounds per insulator. This limitation 
will prevent excessive stresses on insulators, insulator pins, the wood 
of crossarms and poles, and hardware. Structures with double insulator 
support may be used where the transverse load is between 500 and 1,000 
pounds. 


When the above limitations are used with standard REA wood pole struc- 
tures, the designs which result will be in keeping with the best 
recognized transmission line engineering practices. To facilitate the 
spotting of structures on the plan and profile sheets, and review of 
plans and specifications, these structural stress limitations should be 
converted to span length limitations as shown in paragraph bof 
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SECTION 5 


Selection of the Proper Height and Class of Poles 


for Transmission Lines 


All sections of transmission lines having the same loading should be 
designed for the use of only one class of pole unless economic justifi- 
cation for the use of more than one class of pole can be shown. When 
transmission line structures are located by means of a plan and profile, 
it is relatively simple to design a line having uniform configuration 
and conductor size with a single class of pole. Lines utilizing only 
one class of pole have the following advantages over lines using several 
Classes of poles: 


1. Usually orders for poles must be placed before plan and profile 
sheets are prepared and before exact quantities of materials 
needed are known. Estimates of pole quantities, procurement 
of poles, and schedules for shipping and shipping points are 
greatly simplified. If more than one class of pole is to be 
used, it is extremely difficult to estimate with any degree of 
accuracy the number of poles of various heights and classes 
that will be needed. The difficulty is aggravated because 
there are usually several shipping points to which poles must 
be delivered. 


2. Construction of the line is simplified because there is no 
necessity for segregating poles according to class, either in 
storage or when poles are distributed. 


On any given line, there may be a few occasions where spans must be so 
short that a pole of lower class than the basic pole would have 
sufficient strength, and a very few occasions where spans must be so 
long that the basic class pole would have insufficient strength. Skill- 
ful spotting of structures on the plan and profile, however, will almost 
always result in span lengths that are within the strength limitations 
of the basic class of pole in over 90 percent of the cases. The 
economic advantage of using lower or higher classes of poles should be 
carefully investigated in order that no sacrifice in design will result. 


Maximum flexibility in span lengths within the range of strength for a 
single class of pole can normally be obtained when the allowable 
horizontal span (one-half the sum of adjacent spans) for the basic class 
of pole is approximately 10 percent greater than the level ground span. 
It is not always possible to obtain this approximate relation, but when 
the difference between the level ground span and the maximum allowable 
horizontal span for a given class of pole is very small, it is generally 
more economical to use the next higher class of pole for the line. This 
will depend upon local conditions and type of terrain. 


The Wood Pole Loading Chart, drawing TM-18, offers a convenient method 

of quickly determining the maximum horizontal spans for all classes and 
heights of poles with any configuration of conductors. To use the chart, 
the load must be computed which, when applied 2 feet from the top of the 
pole, will balance the moment of wind loads on conductors for an | 
arbitrarily selected span and pole height. A line drawn through t 

point corresponding to the selected span length and the load thus com- 
puted and through the origin (point 0) will intersect the horizontal 

lines representing the maximum allowable load on various classes and 
heights of poles. The points of intersection determine the maximum 
allowable horizontal spans (one-half of the sum of adjacent spans for 
grade B construction). Guide points for various sizes of conductors, 

for pole-top, pin-type construction only, have been plotted on the chart 
for convenience. For any other configuration, the point to be plotted ~ 
must be computed as described below. (The chart should not be used for 
light loading computations. ) ah, 


The following example illustrates how the chart would be used with 
structure TS-1, assuming heavy loading, 3 /8"-high strength steel ground 
wire, No. 1/0 oa hla pip Saka conductor, and 55-foot poles: 


4 wind on ground wire = " 
453¢/et. (5th Ed.NESC) 
4# wind on conductor = 
A627¢/ft. (Sth Ed.NESC) 
Consider conductor .load applied a) 
to pole at point of crossarm 
attachment. Assume a 500-foot 
horizontal span. 

Moments about ground line: 

Overhead ground wire = (.453) (500) (46.5) = 10, 552 "frei bes 

Conductor on top crossarm = (.4627) (500) (44) = _-10;179 Striper 

Conductors on bottom crossarm = (.4627) (500) (38) (2) - 7,583 ft bes 

Total moment about ground line - 38,294 ft. lbs. 
Load applied 2 feet from top of pole which will balance the moment of i 
wind loads on the conductors = 38,294 = 842 pounds | 
5.5 


When the point on the chart corresponding to 842 pounds and a 500-foot 
span is plotted, and a line is drawn through this point and the point 
of origin, the maximum allowable horizontal span for all classes and 
heights of poles may be read directly. Thus, it will be seen that the 
maximum horizontal span for a 55-foot class 1 pole is 605 \feet; for a 
2)-foot class 2 pole is 490 feet; and for a 50-foot class 3 pole is. 
400 feet. 


an FOR 


If the line is 69 kv and the sag template is cut for 21 feet of ground 
clearance with the 120° final curve, the allowable sag on level ground 
with 55-foot poles is 14.5 feet. With a 600-foot ruling span, 14.5 
feet of sag will allow a span of approximately 555 feet. Since the 
class 2 pole will allow a span of only 490 feet, it would not carry the 
normal level ground span, and class 1 poles would be required if 55-foot 
basic poles were used. With 50-foot poles, however, the allowable sag 
is 9.5 feet, which will allow a level ground span of 455 feet with a 
500-foot ruling span. Since the class 3 pole will allow a span of only 
400 feet, it would not carry the normal level ground span, and class 2 
poles would be required if 50-foot basic poles were used. Thus, the 
basic pole height and class should be selected on the basis of a 
comparison of the costs of construction using 55-foot class 1 poles, 
and 50-foot class 2 poles. 
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SECTION 6 


Overhead Ground Wire Sags and Tensions 


The primary function of overhead ground wires is to protect transmission 
lines from lightning surges. To avoid unnecessarily high mechanical 
stresses in the ground wire, supporting structures and guys, the ground 
wire should not be strung with any more tension than is necessary to 
prevent midspan flashovers from the conductor to the ground wire. There 
will be little danger of such flashovers on lines using standard REA 
wood pole transmission structures if the sag of the overhead ground wire 
is approximately 80 percent of the sag of the conductor. It is, there- 
fore, recommended that the loaded design tension of overhead ground wires 
shall not exceed the amount necessary to allow the sag of the ground 
wire to be 80 percent of the sag of the conductor at 609, initial 
stringing condition, in the ruling span selected. This loaded design 
tension should in no case exceed 50 percent of the ultimate strength of 
the wire. For example, if 3/8-inch high strength steel, 3/8-inch high 
strength Copperweld, or 101,800 C.M. H.S. ACSR strand is used for a 
ground wire over 3/0 ACSR with a 600-foot ruling span, the initial sag 
of the ACSR in a 600-foot span is 11.7 feet. The initial sag of the 
ground wire for the same span should be .8 of 11.7, or 9.4 feet. When 
sagged this amount, the loaded tension that would develop in the three 
ground wires mentioned above will vary between 3,700 and 3,800 pounds 

or approximately 32.3 to 38.5 percent of the ultimate strength of the 
respective cables. 
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SECTION 7 


Clearances for Transmission Line Conductors from Support ing Structures 


When transmission conductors are supported by suspension insulators, 
whether on tangent structures or on line-angle structures, the insulator 
string is free to swing about its point of support. The clearance from 
conductors to parts of the supporting structure will, therefore, vary 
with different conditions of conductor tension, temperature, wind load- 
ing, and horizontal and vertical spans supported by the structure, since 
these factors affect the angle through which the insulator string will 
swing. 


It is necessary that limitations for clearances from conductors to the 
supporting structure be established for the different transmission 
voltages. Two sets of clearances have been adopted, one to insure 
adequate clearance under normal operating conditions, which are most 
likely to exist for prolonged periods of time, and the other for the 
worst operating conditions, which exist infrequently and momentarily. 

The first set of clearances are referred to as “normal” clearances and 
should be maintained under a condition of no wind on the conductor with 
conductor tension at 60° final. The second set of clearances are 
referred to as "minimum" clearances and must be maintained under con- 
ditions that will cause the conductor to swing closest to the supporting 
structure. This condition, for structures with crossarms for supporting 
the insulators, is at the lowest assumed temperature, no ice, and a 
four-pound transverse wihd. For line-angle structures, where the insula- 
tor strings are attached to the pole, the condition for minimum clearance 
is at 120° final, with a four-pound wind blowing against the line angle. 


With due consideration to the flashover characteristics of insulators 
and air gaps, and to the probability of surges under momentary swing 
conditions, the following clearances from supporting structures have 
been established as the normal and minimum clearances to be maintained: 


Usual Line Normal Clearance Minimum Clearance 
Voltage To Wood To Ground To Wood To Ground 
34.5 kv aR eyes a ee a Aaa Lt =728 
h6 kv lL! = vee Dat - On Teh oes QO" are = On 
69 kv NE GL! Ot ot pike an nh 6" 
da 5a kv: 3° = 6% > tae" en a) diner 
132 kv ee 6" 5! ms Te UE ps g" 3° Re Shy 


Because of the variable factors mentioned above, no definite line angle 
limitations can be established for standard transmission structures. 

For post-type and pin-type structures, the maximum line angle is usually 
governed by the maximum allowable transverse load on the insulators 

(See Section 4). For suspension-type structures, the maximum line angle 
is usually governed by the permissible arc through which the insulators 
may be allowed to swing before conductor clearance to the structure 


ooh Lotta 


becomes too small. The line angle limitations for each type of structure 
should be determined for each line on the basis of normal level ground 
spans, however, and tabulated as shown on drawing TM-6. Such a drawing 
should be prepared as a guide to assist the engineer when spotting 
structures on the plan and profile. Where an actual line angle is near 
the dividing angle between two types of structures, and where the 
horizontal and vertical spans are different from those assumed in prepar- 
ing the guide, the angles of insulator swing must be computed to insure 
that the proper structure is used. The permissible angles of insulator 
swing for the various standard REA structures are listed below: 


Type Number 
Structure Insulators Max imum Normal Minimum 
h6 - 34.5 kv B in A . 
TS-3 y x 140° Ba he 
TS-4 nm * eG 23° 
THe. 3 66° 30' 48° ho! * 
69 kv ~ - - - 
TS-1 (8' arm) mM 5° 210795! * 
TS-1 (10' arm) 4 54° 30! ae * 
TS-1-B (10' arm) 4 74 50- 30! * 
TS-3 5 * BOC 300 p32 
TS-4 5 * 39° 30! ane 
TH-1 4 64° 30' 41° 30! * 


* No Limitation. 


The maximum angle of swing is the greatest angle with the vertical 
through which the insulator string may be allowed to swing under con- 
ditions for minimum clearance. When insulator strings are attached to 
the pole, as on structure TS-4, there is no limitation on maximum swing. 


The normal angle of swing is the angle through which the insulator 
string will swing with no wind and with conductor tension at 60°, final. 
When insulators are attached to crossarms, as on structure TS-1 the 
normal angle of swing must not exceed the allowable normal angle of 
swing. When insulators are attached to the pole, the normal angle of 
swing must not be less than the allowable normal angle of swing. 


The minimum angle of swing, when insulators are attached to the pole, 
is the least angle, under conditions of minimum clearance, through 
which the insulator string must swing. When insulators are supported 
from crossarms there is generally no limitation on minimum swing. 


The following formulas should be used for computing the angles of 
insulator swing for structures on line angles: 


1. For maximum angle of swing: 
tang = (2) (To) (sin 30 H) (Wh 
Na) gel ti) (3) (Wi 


S156 = 


2. For normal angle of swing: 


tang = "=(2 T60 sin 3 0 
V) (Wv) 5) (Wi) 
3. For minimum angle of swing: 


tan Gea te T120) (sin 3 6) - (H) (Wh 
( 


The symbols in the above formulas represent the foljowing: 


g - Angle with the vertical through which the insulator 
string swings. 


98 - Line angle 
To - Conductor tension at lowest assumed temperature, initial. 
T60 - Conductor tension at 60°, Final. 
T120 - Conductor tension at 120°, Final. 
H - Horizontal span, which is 3 the sum of adjacent spans. 


V - Vertical span, which is the distance between the low 
point of sag in adjacent spans. 


Wh - Wind load per foot of a four-pound wind on the bare 
conductor. 


Wv - Weight per foot of bare conductor. 
Wi - Weight of insulator string. 


For tangent structures with suspension insulators, the normal and 
minimum angles of swing have no significance, and the formula for the 
maximum angle of insulator swing becomes: 


tang = H Wh 
V Wv & (Wi 


To avoid frequent computations while structures are being spotted on 
the plan and profile a line representing the tangent of the maximum 
allowable angle of swing may be plotted on a sheet of graph paper with 
the vertical span represented by the vertical axis, and the horizontal 
span represented by the horizontal axis. Since the maximum allowable 
angle of insulator swing is fixed, values for plotting the line may be 
computed by assuming values of horizontal spans and solving for the 
corresponding vertical spans. When a chart is thus plotted, no 
further computations are necessary. To check the swing on a given 
tangent structure, the point corresponding to the horizontal and 


-" 16 = 


vertical spans supported by that structure should be plotted on the 

chart. If the point lies above the line.on the chart, it indicates that 
the vertical span supported is great enough to prevent excessive insula- 
tor swing. If the point lies below the line it indicates that insulator 


swing will be excessive, and the structure arrangement is not satisfactory. 
Drawing TM-17 is a specimen of such a chart. 
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SECTION 8 


Preparation of Sag Template 


The sag template used for spotting transmission structures should be 
made of a transparent celluloid or plastic material approximately .03 
inch in thickness. To obtain values for plotting sag curves, the sag 
values for the ruling span should be extended for spans both shorter 
and longer than the ruling span. It is sufficiently accurate to do this 
by computing the sag as proportional to the square of the spans, in 
accordance with the formula for the parabola. For ease in computing 
and plotting, sag values for even span lengths of 200 feet, 400 feet, 
600 feet, 800 feet, etc., should be determined. The template should be 
made to include spans three or four times as long as the normal level 
ground span, to allow for spotting structures on steep hillsides. Sag 
values for plotting curves for conditions of 120° final>-60° "final, 
and at the lowest assumed temperature, initial, must be computed. The 
low temperature initial, and the 60° final curves are used for determin- 
ing the effective vertical spans supported by individual structures under 
these conditions, and the 120° final curves are used for determining 
ground clearance. The template should bs cut to allow one foot greater 
clearance than given in table on page 4 as recommended in Section 2, 

to permit minor shifts in structure location. 


The relation between the 120° final curves on the template is clearly 
shown on drawing TM-7. The low temperature and 60° curves may be 
placed in any convenient location on the template. A sag template 
drawing, similar to drawing TM-7, should be prepared for each line as a 
guide for cutting the template. A new template must be prepared for 
each line where there is any variation in conductor size, conductor 
configuration, assumed loading condition, design tension, ruling span, 
or voltage, as a change in any one of these factors will change the 
characteristics of the template. 


To construct the template, the curves should first be plotted on a piece 
of regular profile paper to a scale of 400 feet to the inch horizontally, 
and 40 feet to the inch, vertically. The transparent template material 
should then be placed over the sheet and fastened securely with drafting 
tape. With a sharp pointed steel scriber, the centerline should be 
etched lightly, and the outside edges of the template etched deeply so 
that the template can be easily broken out. The template material 
should then be detached from the paper and the edges broken off and 
sanded smooth before the remaining curves are etched in. A guage 

should also be etched at the top of the template for ready measurement 
of the height above ground of the lowest conductor for various heights 
of poles. The etched grooves should be filled with ink to make them 
easier to see when the template is used. 


pau hs See 


/OF CWC Heavy Loading 
600’ Ruling Span 
D.T.- 3268” 1/2" ce, ¢"Wind at O°F 
WEA charts OF 7-H50F& 


2/0 ACSR Heavy Loading 
600' Ruling Span 
Design Tension- 2645%- 1/2" Ice, 4Lb.Wind at O° F 
Reference Charts - Alcoa No.8-996 & 8-397 


feet 


Basa O°F. Initial ee oanlees Final Peper: ical eit 
OF aus 640 Lbs. | 475 Lbs. | 480Lbs. | 1420 Lbs.|1080 Lbs| 950 Lbs. 
; ar el a I ee re RE 
are ee SE A es pee Be 
rr 6007 | 13.) abel I, 40 | hos yeni O60 eal 4s creer Cea 
800 23s |i sos | 32.9 {go | 26.3 | 5 
PLtO00-2) [Wi S64inte 465mm rol akan | 44.2 | 47.5 
Ne 210 Ogee] acm 2 aes 2.4 a 69.6.asiet 74.0 ue O [  45~—| «569.5 | 68.5 | 
aa. °l Se es ee Ee 
P1600), |» 93.2). [s! 123.7 0 (SL 6 Ul SSO aee ih tOG Nt) sl asannn 
F800. -| 7.9. |) 156.6 [1 166.500). 10 me Ns au ero oe 
L 200071] 145.6" [4 193.3) 2056) 0s) 125i 16 Suns em 
2200 233.9 |-248.7 | _1s1_/ 200 _) 230 _ 
| 278.4 296.0 =. 1800S | '238 nile e7 See 
2600 Py 326.7) |. 347.4 201 ei 28O seamen 
2800 378.9 | SOP Seas | 328 370 
#3000 21) 435.0 462.5 | 280 | 370 425 


A- Dimension from top of pole to point of attachment of lowest conductor. 
B- Sag in level ground span. 

C- Ground Clearance. (From table, page 5 plus one foot) 

D- Setting depth of pole. 

aby E- Pole height 

I2O0°F Final 

F- Level ground spon 


G- Dimension from ground to point of attachment of lowest conductor. 
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SPECIMEN SAG TEMPLATE 
CWC & ACSR-HEAVY LOADING- 600' RULING SPAN 
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SECTION 9 


Preparation of Plan and Profile Sheets 


The primary purposes of the transmission line plan and profile drawings 
are to insure correct design and economical construction. The final 
plan and profile drawings, in addition to being key construction draw- 
ings, are valuable as permanent records of property and right-of-way. 
Accurate collection of field data and translation of such data to plan 
and profile drawings are of utmost importance. Errors in this work 
will defeat the purposes of the drawings and nullify the accuracy of 
structure spotting with a template. 


Field notes must include complete information necessary for plotting 
the profile and drawing the plan including such features as required by 
the Engineering Service Contract, REA Form DS-199. The necessity for 
taking data for plotting sidehill profiles where the ground slopes 
across the line of survey must not be overlooked. The sidehill profile 
should be a distance of approximately 10 feet beyond the outside con- 
ductor position. 


Plan and profile sheets should be prepared to a scale of 400 feet to 
the inch horizontally and 40 feet to the inch vertically. On this 
scale, each sheet of plan and profile can conveniently accomodate 

2 miles of line with 1,000 feet of overlap to tie the spotting into 
adjacent sheets. Where necessary for clarification of any portion of 
the line, such as the arrangement of lines adjacent to substations, 
inserts on a larger scale should be made on the plan and profile sheet. 
Drawing TM-19 is a reduced size copy of a typical plan and profile 
sheet. Drawings TM-14, 15 and 16 show recommended symbols, lettering 
sizes, and techniques. 


Completed tracings of plan and profile sheets should be turned over to 
the system for filing as a permanent record. Drawings prepared in ink 
on tracing cloth will provide better permanent records. Whether 
prepared on cloth or paper, no attempt should be made to spot structures 
on the tracings. Spotting should be done on black and white prints and 
transferred to the tracings when completed. Structure spotting should 
not be inked in on the plan and profile until REA approval has been 
received and until all right-of-way commitments have been obtained and 
the line is ready for release for construction. 
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TRANSMISSION LINE 
GENERAL PROFILE STANDARDS FOR WOOD POLE LINES 


4 Sationing and /ettering on a// genera/ topography, No. 23 Guide 


” 


{Miscellaneous holes, distances on property /ines, etc., No.3 Guide 


Property owners whose land does not fouch Right of Way, No.4 Guide 


face /Om Srarion, Starioning AND Aneles on FL. Poinrs 
AND PROPERTY Lines; Tract NUMBERS, Erc., No.4 GUIDE 


ol Names of Property Owners, /71€s, Ci Dsrric7s, 
TownsHiPs, MANGES AND Land Lots, No. 5 Guide 


of STATES AND CouNTIES, Vo. 6 GuibE 


NOTE: Dimensions refer to 32nds. of an inch. 
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STANDARD LETTERING FOR PLAN & PROFILE MAPS 
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SECTION 10 


Spotting Transmission Line Stru¢gtures on the Plan and Profile Sheets 


By use of plan and profile sheets the structure heights, locations, and 
types can be spotted so that construction will conform closely within 
the design requirements. Before spotting of structures is attempted, 
the span length limitations outlined on the design data summary sheet, 
Form DS-212R, must be computed, and a drawing similar to drawing TM-6 
showing the arrangement of guys and the design data summary, should be 
prepared. The importance of this drawing must not be underestimated, 
for it provides the engineer spotting structures on the plan and profile, 
with a summary of information which he must have for selecting guys, 
anchors, and structure types to be used under various conditions. It is 
suggested that a sharp-pointed hard lead pencil be used for spotting to 
insure a greater degree of accuracy in the final results. 


When a template, cut in the matter described in Section 8, is held 
vertically, and the clearance curve (the first curve from the edge of 
the template) is held tangent to the profile, the edge of the template 
will intersect the profile at points where structures of the basic 
height should be set. This relation is illustrated for a level span on 
the drawing TM-7 (see Section 8), but holds true regardless of the type 
of terrain. The second curve from the edge of the template represents 
the actual position of the conductor. To begin spotting structures, the 
template must be held vertically and the conductor curve must be held on 
the fixed point of attachment of the conductor to the take-off structure. 
The template should then be shifted so that the clearance curve barely 
touches tangent to the profile, and the point where the edge of the 
template intersects the profile determines the location of the next 
structure of basic height. This point may be marked by drawing an 

arc along the edge of the template where it intersects the profile. The 
template should then be shifted and adjusted to that with the opposite 
edge of the template held on the point previously located, the clearance 
curve will again barely touch the profile. As before, an arc should be 
drawn to mark the location of the next structure of basic height, and 
the process repeated to establish the location of each structure. After 
all structures are thus located, the structures and lowest conductor 
should be drawn in. 


The above procedure can be followed exactly only on lines that are 
approximately straight and which cross relatively flat terrain without 
crossing roads, telephone lines, etc. When line angles, broken terrain, 
and crossings are encountered, it may be necessary to cut and try 
several different arrangements of structure heights and locations to 
determine the arrangement that is most satisfactory. For determining 
the height and location of structures of greater or lesser height than 
the basic structure, the template should be adjusted to provide the 
necessary clearance and an arc drawn along the edge of the template, 
even though the arc may not intersect.the profile. At any given point 
along this arc, the vertical distance from the profile to the arc will 


~'23° - 


be the difference in actual pole height required and the basic pole 
height for a structure in that particular location. For example, if 
the basic height pole is 50 feet, a 55-foot pole would be required 
where a point on the arc drawn along the edge of the template was 

5 feet above the profile, and a 45-foot pole could be used where a 
point on the arc was 4 1/2 feet below the profile. 


In addition to maintaining clearances, uplift must be avoided on 
pin-type lines and excessive insulator swing must be avoided on suspen- 
Sion insulators. On pin-type lines, there is no danger of uplift if 
the low temperature initial curve does not pass above the point of 
conductor support on a given structure when the curve intersects the 
point of conductor support on the two adjacent structures. It is more 
difficult to avoid the possibility of excessive insulator swing because 
of wind load on lines with suspension insulators, as the uplift con- 
dition must not even be closely approached. The methods for computing 
insulator swing are discussed in Section 7. In some instances, on 
steep inclined spans, when the vertical span (the distance between the 
low point of sag in adjacent spans) is checked with the template, it 
may be found that the low point of sag will fall beyond the lower 
support. This indicates that the conductor in the uphill span exerts 
an upward pull on the lower support, the amount of which is equal to 
the weight of the conductor from the lower support to the low point of 
sag. This condition will not, therefore, alter the definition of the 
vertical span supported as being the distance between the low point of 
sag in adjacent spans. 


Care must be exercised in broken country to see that the maximum allow- 
able vertical span (limited by the strength of the crossarm) is not 
exceeded. For maximum accuracy, the vertical span for this purpose 
should be determined with a curve made for the sag under ice loads at 
32°. For most conductors, however, the 120° final sag curve will 
closely approximate the curve for the ice-loaded conductor, and it may 
ordinarily be used when checking for maximum vertical span. 


Successive plan and profile sheets should overlap 1,000 feet. The last 
structure on a sheet should be shown as a broken line on the following 
sheet to be used as a starting point. 


As structures are located on the profile, the positions of the struc- 
tures on the plan should be examined, to insure that the locations are 
satisfactory. The highest degree of accuracy in the preparation of the 
plan and profile, however, will not always show sufficient detail to 
indicate that all structure locations are satisfactory. For this reason, 
the template is cut, as described in Section 2, to allow one foot 
greater clearance than actually required in order to provide flexibility 
for minor shifts in structure location, if necessary, when structures 
are staked. If any structure location is changed when the line is 
staked, the plan and profile must be corrected to show the actual 
location. 


~ oh = 
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Any special notes or sketches necessary to guide the construction crews 
should be inserted on the plan and profile. The first sheet of the 
plan and profile should also indicate the conductor size, loading, 

. design tension, and ruling span for the line. It is not necessary to 


show this information on other sheets except where some change is made 
in the basic design. 


7 e5 = 


ie h 


Form DS-212R 
(11-49 ) 
TRANSMISSION LINE DESIGN DATA SUMMARY 


All transmission lines must be designed for grade B construction o1 better. 
The following data and limitations must be prepared before structures can be 
spotted on the plan and profile and should be submitted with preliminary 
plans and specifications $ 


Project Designation _. Date 
Line Location Operating Voltage 
1. Loading condition:__ ss since ices_—s—— pounds wind at__s COP 


2. Conductor: type ; pounds design tension. (50% of 
ultimate recommended.) 


Ruling span: 

; Sa Te eee ee 
oseen, _EEaaPPe ere BO To Do 
nine ee | ee ere 
———-, i. a 


(Show sag and tension values for ruling span indicated. Refer to sag 
and tension charts used, if any.) 


3. Overhead ground wire: type pounds design tension. 
(Recommend stringing to 80% of candHetoe sag at 60°, initial.) 


RULLeeepanweme 


ematie nosed oo | oo | oo Th 
22. | a a ee 


kercuce sag and tension values SSS ya ts attracts span indicated. Tess cu gag and 
tension charts used, if any.) 


4. Structural stress values? 


ae Crossarms: pounds per square inch. (Recommend 25% 
of ultimate stress in bending, computed by taking moments about 
through-bolt without benefit of crossarm brace.) 


b. Poles: kind ; pounds per sqare inch. 


5. Maximum working loads for anchors and guys: 


5' log 8' log 3/4" anchor rod Type 
guy strand, 
lbs. 


8000 lbs. 16000 lbs. 8000 lbs. 


6. Span length limitations: 
a. Ground clearance with 120° final curve feet. 
b. Basic pole: height feet, class p Zs, 
ce Normal span on level ground feet. 
d. Maximum horizontal span limited by conductor separation feet. 


Ore 


e. Maximum sum of adjacent spans limited by pole strength_____—_feet 
f. Maximum sum of adjacent spans with side guys feet 
g- Maxim vertical span limited by strength of cross arm_______—feet 


7. Allowable angles of swing for insulator strings: 


Type Structure No, Insulators Maxi mum Normal Minimun 
34,5 KV 
TS.3 3 « 16° =20 
TS—4 3 te 410 259 
46 KV_ 
TS=_3 4 * 140 =-1° 
TS—4 4 * 34,5° 230 
TH=1 3 66°30! 48°40! * 
69 KV 
TS=1 (8tarm) 4 450 21925! * 
TS=1 (10' arm) 4 54030! 35! " 
TS-1=B (10'arm) 4 740 50°30! * 
TS-36 5 8 19030! # 3° 
TS=4G 5 * 39930! 230 
TH 1G 4 64030! 41030! * 
TH-1BG 4 88° 67930! * 


*No limitation. 


The above values are based on the following conductor clearances to the 
supporting structure: 


Normal (Clearance at 


Line Voltage 66° final, no wind) **Mininum Clearance 
To wood To ground To wood To ground 

34.5 KV 1! 70 2? Of 1 8 aero" 

46 KV yt 78 2' of 1! Of Tee 

69 KV 2*- ie 2). 6" ly 1*s6% 


** For vertical angle structures use 4—pound wind at 1209 Final. 
For structures with cross arms use 4—pound wind at lowest assumed 
temperature, initial. 


The maximum, normal and minimum angles of swing have the significance 
as shown on the sketches below: 


A — Maximum allowable angle of swings 
B - Normal allowable angle of swing. 
@ = Minimum allowable angle of swing. 
D — Minimum clearance. 
E - Normal clearance, 


Angle C" is 
plus if swing 
is away fron 
pole, and minus 
if toward pole, 


CROSSARM STRUCTURE ANGLE STRUCTURE 


® 


